Background {#Sec1}
==========

Energy drinks (EDs) are beverages that are used to boost energy, increase physical performance, increase alertness and wakefulness, and elevate mood \[[@CR1]\]. EDs consumption is increasing, particularly among young adults and athletes \[[@CR2]--[@CR4]\]. EDs contain large doses of caffeine and other legal stimulants \[[@CR1]\]. EDs first appeared in Asia and Europe in the 1960s; however, after the introduction of Red Bull® in Austria in 1987 and in the U.S. in 1997, the trend towards aggressive marketing of these EDs has grown tremendously. Since that time, the ED market has grown exponentially with nearly 500 new brands launched worldwide in 2006 and 200 new brands launched in the US in the 12-month period ending July 2007 \[[@CR5]\]. The total U.S. retail market value of EDs from all sources was estimated to be \$5.4 billion in 2006, and this value has shown a similar annual growth rate over this same period (47%) \[[@CR5]\].

Caffeine containing EDs are consumed heavily among Saudis, particularly among adolescents, including females, and college students due to aggressive marketing of their overestimated ability to provide vast physical energy, which promoted their widespread use \[[@CR2], [@CR3], [@CR6]\]. They are consumed to attain several effects, such as increased endurance, staying awake, fatigue relief, invigoration, memory/concentration boost and enjoyment of their taste \[[@CR7]\]. Several EDs are available on the Saudi market, such as Red Bull®, Boozy®, Bison®, and Power Horse®. These EDs are available and easily accessible on the market, whether they are sold in small retail grocery stores or in large supermarkets. Due to this easy access to EDs and heavy marketing of these compounds in various multimedia sources, people are consuming more and more EDs \[[@CR8]\]. Thus, the ED sector has exhibited strong worldwide growth with increased monetary rewards for companies that sell these products.

Caffeine is the key ingredient in EDs; it is also found in wide variety of beverages and some pharmaceutical products, which are commonly called psychoactive substances worldwide \[[@CR9]\]. Caffeine has stimulating effects \[[@CR10], [@CR11]\] that can enhance mental and physical performance \[[@CR10]\] and has been associated with improved alertness \[[@CR12]\], concentration \[[@CR10], [@CR12]\], endurance, reaction time and mood \[[@CR13], [@CR14]\]. EDs typically contain high levels of caffeine, guarana, taurine, L-carnitine, vitamins, carbohydrates and sugar along with various other amino acids. According to *Gunj* et al., the typical dose of added caffeine is 7--32 mg/100 ml, giving a total dose of 35--150 mg in a 500-ml can \[[@CR15]\]. Higher caffeine consumption is associated with increased adverse effects, including nausea, irritability and palpitations \[[@CR16]\]. In addition, Caffeine has been demonstrated to increase the number of awakenings during sleep, sleep latency, and sleep interruptions \[[@CR17]\]. The quantities of caffeine contained in single servings of EDs are not generally high enough to produce severe symptoms; however, at least one death has already been attributed to ED use as a 25-years old female who had pre-existing heart condition namely mitral-valve prolapse, which is present in 2.4% population, passed away after ingesting an energy drink that contained high concentrations of caffeine and guarana \[[@CR18]\].

Two-hundred and 50 caffeine intoxication cases with an average patient age of (21) years old have been reported by the Chicago Poison Control Center, and 12 % of these cases suffered from medical complications that were attributed to EDs abuse \[[@CR19]\]. A case study published in BMJ recently stated that in the US, approximately 23,000 emergency cases each year were due to dietary supplements \[[@CR20]\]. Patients with pre-existing cardiac pathology or a history of seizures may be at greater risk \[[@CR21]--[@CR24]\]. Several tachyarrhythmias, including atrial and ventricular ectopic beats, atrial fibrillation, ventricular tachycardia, and ventricular fibrillation, have been described in caffeine-poisoned patients \[[@CR18], [@CR25]\]. Caffeine-induced seizures may occur at low doses in susceptible individuals or as a result of overdose. One case series of 4 adults with new-onset seizures questioned an association with heavy EDs use \[[@CR16]\].

It has been documented in the literature that excessive consumption of caffeinated EDs is associated with several potentially lethal adverse effects and toxicities \[[@CR21], [@CR23], [@CR26]--[@CR29]\]. Caffeine containing EDs cause a rise in blood pressure (BP) due to increased systemic vascular resistance, which may worsen in severe cardiac disease, hypertension, hyperthyroidism or acute myocardial disease if precautions are not taken \[[@CR30]\]. Additionally, methylxanthine-containing products stimulate gastric acid secretion, which should be cautiously considered in patients with peptic ulcer disease \[[@CR31]\]. Over-the-counter (OTC) medications, such as NoDoz® and Midol®, contain between 100 and 200 mg of caffeine per tablet \[[@CR32]\]. Some OTC drugs that are easily available for the public in the Kingdom of Saudi Arabia (KSA) contain 30--65 mg of caffeine, such as Panadol Extra® (65 mg), Adol Extra® (65 mg), Solpadine® (30 mg), and Fevadol plus® (35 mg). *McCusker* et al. reported that the U.S. Food and Drug Administration (FDA) has limited the caffeine content of sodas to 65 mg per 12 oz. (18 mg/100 ml); however, EDs are not currently subjected to the same FDA regulations \[[@CR33]\]. According to *Nawrot,* the caffeine concentrations of various beverages are as follows: brewed coffee (56--100 mg/100 ml), instant coffee and tea (20--73 mg/100 ml), and colas (9--19 mg/100 ml) \[[@CR34]\]. Smaller amounts can be found in chocolate (5--20 mg/100 g) and cocoa (7 mg/5 oz. cup) \[[@CR32]\].

Several countries have demanded regulations on the labeling, distribution, and sale of EDs that contain significant amounts of caffeine. According to the European Union, Red Bull® EDs are required to have a "high caffeine content" label, and Canada requires labels indicating that Red Bull® should not be mixed with alcohol and that maximum daily consumption should not exceed two 8.3-oz cans \[[@CR5]\]. Some countries have acted against the sale of EDs, including Red Bull®, in pharmacies, whereas France and Denmark have prohibited the sale of Red Bull® \[[@CR35]\]. It has been suggested that warning labels on ED cans should inform the public of their high caffeine content and their potential adverse effect of raising BP \[[@CR29]\].

In light of this, the objectives of the current study were to evaluate consumption pattern, to identify factors that influence consumption pattern, and to document the frequency of possible adverse effects of EDs among KSA population. Specifically, we aimed to obtain answers for the following research questions: How sociodemographic, levels of knowledge and perceived beneficial effects of EDs would affect their consumption pattern and intake frequencies, as well as what were the frequencies of possible adverse effects experienced by different consumer groups in the Kingdom. With that being done, we sought information about reasons for the popularity of EDs among participants, suitable replacements for EDs suggested by consumers and whether they attempted to quit consuming them. We also aimed to determine the consumption pattern of EDs with cigarette smoking as a negative health behavior in this study.

Methods {#Sec2}
=======

Study design and duration {#Sec3}
-------------------------

An observational cross-sectional study of a randomly selected population in the KSA was conducted with multi-stage sampling in the period of January 15th, 2015, to April 15th, 2015, using a pre-tested 43-item questionnaire. Information from published studies was obtained to calculate the sample size for this study. The consumption of caffeine containing EDs was found to be 51% \[[@CR8]\]. The acceptable margin of error was 5% (decided by the authors of this study), and the confidence level was 95%. Therefore, the calculated standard error was 2.55, and thus, the calculated minimum sample size was 385.

Measures and participants {#Sec4}
-------------------------

The measures used to obtain our data in our study were through utilizing a study questionnaire that was structured to consist of 43 closed-ended questions and was developed following an extensive literature review (Additional file [1](#MOESM1){ref-type="media"}). The questionnaire consisted of 5 sections with total of 43 close ended questions. The first section consisted of 8 questions to assess sociodemographic information of study participants. The second section composed of 7 questions to assess knowledge of participants about EDs. The third section consisted of 6 questions to assess patterns of consumption among study participants. The forth section consisted of 5 questions to assess the perceived positive effects believed by study participants. The last section consisted of 17 questions to assess experienced adverse events by consumers they think are associated to EDs consumption, and whether they tried to quit drinking them and experienced withdrawal symptoms. Prior to starting the study, the survey was evaluated by three faculty members with experience in the field to enhance its content and validity. Additionally, a pilot study with the survey was conducted with 15 random people to verify content clarity and accuracy. Study covered participants from several regions in KSA including Hail region (25%), Riyadh region (32%), Eastern province (15%), Jeddah region (18%) and Mecca city (10%).

The inclusion criteria required for participants in this study were the consumption of EDs at least once a month and an age between 15 and 63 years old. The age range was selected so we can subgroup consumers into those who are adolescents in high school (15--18 years), young age (19--25 years) who would be college students, and who would be in middle (26--40 years) and old age (≥41 years). People who did not meet these inclusion criteria or were unable to provide a verbal answer were excluded from this study. Ethical approval for conducting this research was reviewed and granted by the Medication and Safety Research Chair of King Saud University.

Data collection {#Sec5}
---------------

The survey was conducted in three phases; in the first phase, a set of high schools was randomly selected to fulfill the required number of students to participate in the survey (20% of participants). Phase two was conducted through recruiting college students (40% of participants) who were handed questionnaires that were collected on site; any questionnaire that was incomplete was not included in the study. In the third phase, general public was recruited at random malls (40% of participants) and the questionnaire was filled as an interview response. A total of 783 participants responded and completed the interview out of the 816 individuals invited to participate in the study, with a response rate of 96%.

Statistical analysis {#Sec6}
--------------------

Descriptive statistics to accurately interpret and present the results were conducted. Chi square test was used to analyze categorical data to determine consumption patterns as related to participants' gender, age, education level, thoughts about popularity of EDs, thoughts about possible replacements for EDs, attempts to quit EDs and smoking habits. Analysis of Variance (ANOVA) was performed to establish associations between participants' consumption frequency and total scores of knowledge, perceived effects, and experienced side effects. In addition, ANOVA test was conducted to compare knowledge levels about EDs among different consumer subgroups, specifically those who drink EDs daily versus those who drink EDs 1--3 times monthly. Side effects experienced by daily consumers versus 1--3 times monthly were assessed as well by ANOVA. Frequencies, percentages, and arithmetic means were calculated using Chi-square and ANOVA tests on the collected data to evaluate statistical significance using SAS V.9 software.

Results {#Sec7}
=======

Sociodemographics {#Sec8}
-----------------

The majority of participants were within the 19--25- and 26--40-year-old range. The distribution of sociodemographic characteristics of the participants in this study is shown in Table [1](#Tab1){ref-type="table"}. Most participants were male and the vast majority of participants were educated. Sleeping patterns among participants were diverse; 66.3% of participants had sleep durations ranging between 6 and 8 h, 17.3% had sleep durations of less than 5 h, and 16.4% slept more than 8 h daily. However, most study participants reported that they had sleep irregularity (Table [1](#Tab1){ref-type="table"}). Table 1Distribution of sociodemographic characteristics of study participants and select health habitsCharacteristicsNumber of Subjects (n)Percentage (%)Gender Male63481.0 Female14919.0Age Group 15-18 Years16721.1 19-25 Years28936.6 26-40 Years31239.5 ≥41 Years222.8Education Level Uneducated111.4 Less than High School526.6 High School Degree23930.4 University Student21427.3 B.Sc.22728.9 Graduate (MS-PhD)425.4Cigarette Smoking Yes46558.6 No32941.4Sleeps Regularly Yes31139.5 No47660.5Sleep Duration 5 Hours or less13817.3 6-8 Hours52966.3 More than 8 Hours13116.4Self-Health Awareness Good Health60776.6 Bad Health18523.4

Consumption pattern {#Sec9}
-------------------

The study investigated consumption patterns among study participants (Table [2](#Tab2){ref-type="table"}). Average consumption was divided into four groups: daily, more than once weekly, once weekly and 1--3 times monthly. More than half of the surveyed participants consumed EDs one to three times per month. Approximately, similar percentages of participants consumed EDs daily, more than once weekly, and once weekly. The results indicated that people had no specific preferred time for ED consumption, whereas quarter of the participants drank them with meals. Almost equal percentages of study population drank them in the morning and at night. Of eight famous brands of EDs, Black® and Red Bull® were the most brands consumed by study participants mostly for their good taste (Table [2](#Tab2){ref-type="table"}). Table 2Distribution of energy drink consumption pattern among study participantsCharacteristicsNumber of Subjects (n)Percentage (%)Average Consumption of Energy Drinks Daily14418.2 More than Once Weekly15018.9 Once Weekly9712.2 1-3 Times Monthly40250.7Energy Drinks Preferred Consumption Time In the Morning11114.4 With Meals20726.8 At Night15419.9 Anytime30139.3Activities Related to Energy Drinks Consumption Meetings and Celebrations25732.4 Study Exams27534.7 Others26132.9Preferred Energy Drink Brand Bison13517 Red Bull19224.2 Power Horse10813.6 Bugzy253.2 Code Red22928.9 Black10.1 Smart Cola70.9 Vitamin C9612.1Reason for Selection of Preferred Brand Taste51364.7 Strong Effect11514.5 Price8811.1 Other779.7

Adverse effects experienced {#Sec10}
---------------------------

We also aimed to identify the prevalence of adverse effects associated with ED intake. The study subjects reported suffering from various adverse events as shown in Table [3](#Tab3){ref-type="table"}. Study subjects mainly reported suffering from diuresis, palpitations, insomnia, tooth decay, lack of rest and confusion. Muscle weakness and rigidity, nervousness, nausea/abdominal pain, tiredness and chronic fatigue, headache, tremors, chest pain, and constipation, were reported less frequently. Table 3Adverse effect experienced by energy drink consumers who participated in the studyCharacteristicsNumber of Subjects (n)Percentage (%)Side Effects Experienced Chest Pain21827.8 Palpitations39750.7 Insomnia39750.7 Headache22629 Constipation19324.7 Diuresis41853.4 Chronic Fatigue23730.3 Tooth Decay37648 Muscle Fatigue26233.5 Lack of Rest35144.8 Tremors22528.7 Confusion34243.7 Nausea/Abdominal Pain24130.8 Nervousness25332.3

Sociodemographics and consumption pattern {#Sec11}
-----------------------------------------

We revealed important findings by examining the participants' sociodemographic data and average consumption patterns. Even though females were found to consume EDs less frequently than males (19.2% daily in males vs. 14.8% daily in females, 49.2% 1--3 times monthly in males vs. 57.7% 1--3 times monthly in females), the results did not reach statistical significance (X^2^ = 5.49, *p* = 0.136 - Table [4](#Tab4){ref-type="table"}). However, an association between age and consumption patterns exists as we found that younger participants consumed EDs more frequently than older groups and that the percentage of least frequent consumers (i.e., the 1--3 times monthly group) increased with age. As shown in Table [4](#Tab4){ref-type="table"}, 25.7% of the 15--18 year-old participants consumed EDs daily compared to 16.3% in the 19--25- and 26--40-year-old consumers and 13.6% in participants 41 years of age or older (*p* \< 0.001). The percentage of participants with the lowest ED consumption pattern (1--3 times monthly) increased significantly from 39.5% in 15--18-year-old group to 50.5% in 19--25-year-old group to 55.4% in the 26--40-year-old group to 68.2% in the ≥41 year-old group (X^2^ = 26.13, *p* \< 0.001 -- Table [4](#Tab4){ref-type="table"}). In addition, educational level significantly altered average consumption patterns (X^2^ = 46.76, *p* \< 0.001 -- Table [4](#Tab4){ref-type="table"}), as uneducated and participants with less than a high school diploma had the lowest percentages among the 1--3 times monthly group (27.3 and 38.5%, respectively, vs. 50% + in higher educational level groups). Table 4Analysis of different average consumption groups of study participants and their gender, age and education levelDaily\>1 WeeklyOnce Weekly1-3 Times MonthlyTotalChi (X^2^)(n)(%)(n)(%)(n)(%)(n)(%)(n)(%)*p* ValueGender5.49 Male12219.212619.97411.731249.263481.00.136 Female2214.82113.12013.49457.714919.0Age Group26.13 15-18 Years4325.72716.23118.66639.516721.1\<0.001\* 19-25 Years4716.35820.13813.114650.528936.6 26-40 Years5116.36119.6278.717355.431239.5 ≥41 Years313.6418.200.01568.2222.8Education Level46.75 Uneducated436.4327.319.1327.3111.4\<0.001\* Less than High School611.5815.41834.62038.5526.6 High School Degree5221.74217.92510.412050.023930.4 University Student2210.34521.03014.011757.721427.3 B.Sc.5022.14117.7188.011852.222728.9 Graduate (MS-PhD)921.4716.737.12354.8425.4

Popularity of EDs and consumption pattern {#Sec12}
-----------------------------------------

Additionally, participants were asked for their opinion on the popularity of EDs in the community (Table [5](#Tab5){ref-type="table"}). When analyzing the four different average consumption patterns of the study participants and their thoughts on why EDs were popular, a significant difference in thoughts was revealed as 45.8% of daily consumers attributed ED popularity to their invigorating effect compared to 33.7% of the 1--3 times per month consumers (Table [5](#Tab5){ref-type="table"}). However, the majority of 1--3 per month consumers (53.1%) attributed the popularity of EDs to intense media commercials (X^2^ = 19.66, *p* = 0.0032, Table [4](#Tab4){ref-type="table"}). Different thoughts about suitable replacements for EDs were also identified. Significantly, the 1--3 times monthly consumer group was the least likely to consider coffee as a suitable replacement for EDs (36.6%) compared to the daily and once weekly users (46.5 and 45.8%, respectively -- X^2^ = 37.1, *p* \< 0.001). However, the 1--3 times monthly consumer group was the most likely to attempt quitting ED consumption compared to the other groups (64% vs. 57.7% for daily, 59.5% for \> 1 weekly and 52.1% for once weekly consumers -- X^2^ = 17.55, *p* = 0.0005, Table [5](#Tab5){ref-type="table"}). Table 5Analysis of different average consumption groups of study participants and their thoughts about the reasons for energy drink popularity, suitable energy drink replacements, and whether they attempted to quit drinking energy drinksDaily\>1 WeeklyOnce Weekly1-3 Times MonthlyTotalChi (X^2^)(n)(%)(n)(%)(n)(%)(n)(%)(n)(%)*p* ValuePopularity of Energy Drinks Is Due to:19.66 Invigorating Effect6645.85738.03940.213233.729437.50.0032\* Popularity among Athletes2013.93020.02121.65213.312315.7 Intense Media Commercials5840.36342.03738.120853.136646.7Suitable Replacement for Energy Drinks37.10 Coffee6545.86241.34546.414736.632040.4\<0.001\* Tea3121.54530.02121.66215.415920.1 Natural Herbs3625.02718.01515.511027.418823.7 Others117.61610.61616.58320.612615.9Attempts to Quit Energy Drinks17.550.0005\* Yes7957.78859.55052.128170.849864.0 No5842.36040.54647.911629.228036.0

Knowledge about EDs and consumption pattern {#Sec13}
-------------------------------------------

Informative results were obtained by analyzing the four consumption patterns of study participants. Significant difference in knowledge among the different consumer groups was identified (*p* = 0.0002) as the total knowledge score (involving knowledge about EDs' effects on BP, sugar level, heart rate (HR), possible adverse effects, recommendation to others and necessity of regulation by the Saudi Food and Drug Authority (SFDA) was significantly higher in the group that consumed EDs the least than in the group that consumed EDs daily or once weekly as analyzed by ANOVA (*p* \< 0.001 and *p* \< 0.05, respectively -- Fig. [1](#Fig1){ref-type="fig"}). Even though the total score of perceived beneficial effects about EDs (involving feeling mood elevation and increase in vitality/energy, helping with athletic/academic performance, feeling an increase in focus/memory and helping with long-distance driving) was the highest among the daily consumers compared to the rest of the consumption pattern groups (4.14 in daily consumers vs. 3.98 in more than once weekly, 4.1 in the weekly consumer group and 3.79 in the 1--3 times monthly group), this difference did not reach statistical significance (*p* = 0.22). However, the total score of adverse effects attributed to the consumption of EDs (involving chest pain, palpitation, insomnia, headache, constipation, diuresis, chronic fatigue, muscle fatigue, tremors, teeth decay, lack of rest, nervousness, nausea/abdominal pain, and confusion) was significantly different (*p* \< 0.001) among the four consuming groups as daily users experienced significantly more adverse effects than the other three consuming groups (daily vs. \> 1 weekly, *p* \< 0.05; daily vs. weekly, *p* \< 0.001; and daily vs. 1--3 monthly, *p* \< 0.001 -- Fig. [3](#Fig3){ref-type="fig"}). Fig. 1Association between Consumption Frequency and the Total Scores of Knowledge, Perceived Effects, and Experienced Side Effects of Energy Drinks

We compared the group that consumed EDs the most versus the group that consumed EDs the least to closely examine data regarding ED knowledge as shown in Fig. [2](#Fig2){ref-type="fig"}. Consistently higher knowledge regarding the deleterious effects of EDs was detected in the group that consumed EDs the least, which was significant for knowledge about EDs' effects on BP and HR as analyzed by Chi-square (X^2^ = 26.18, *p* \< 0.001; X^2^ = 12.15, *p* = 0.007, respectively). As a result of this difference, a significantly higher percentage of participants recommended EDs to others in the group who had the lowest knowledge score, the daily consumers (17.6% of daily consumers vs. 10.9% of 1--3 times per month consumers; X^2^ = 31.6, *p* \< 0.001). The majority of both subgroups recommended SFDA initiate actions to regulate EDs consumption without statistical difference between both subgroups. In fact, most of the study participants (84.6%) recommended that SFDA should regulate EDs consumption in KSA. Fig. 2Comparison of the Knowledge about Energy Drinks between Daily and 1--3 Times per month Consumers of Energy Drinks

Consumption pattern and experienced adverse effects {#Sec14}
---------------------------------------------------

Significant results were obtained by analyzing data on the adverse effects experienced by EDs consumers. All adverse effects evaluated by the questionnaire, which included chest pain, palpitations, insomnia, headache, constipation, diuresis, chronic fatigue, tooth decay, muscle fatigue, lack of rest, tremors, confusion, nausea/abdominal pain, and nervousness, were experienced at a higher a rate in daily consumers than in 1--3 times monthly consumers (Fig. [3](#Fig3){ref-type="fig"}). An important observation in this study is that there was a significant association between the frequency of ED consumption and smoking. As shown in Fig. [4](#Fig4){ref-type="fig"}, a higher percentage of the study participants who consumed EDs daily or more than once weekly were smokers than in the rest of the groups (X^2^ = 37.72, *p* \< 0.001). Fig. 3Analysis of the side effects experienced by daily energy drinks consumers versus 1--3 monthly consumers Fig. 4Pattern of consumption of energy drinks between smokers and non-smokers

Discussion {#Sec15}
==========

It has been documented in the literature that excessive consumption of caffeinated EDs is associated with several potentially lethal adverse effects and toxicities \[[@CR21], [@CR23], [@CR26]--[@CR29]\]. While several studies were conducted to evaluate the prevalence of EDs consumption in the KSA \[[@CR2], [@CR3], [@CR36], [@CR37]\], to the best of our knowledge, this study is the first to elaborate factors that influence consumption patterns and rates among EDs drinkers and assess the adverse effects experienced by consumers.

Here, we report that gender did not affect average consumption patterns; even though the percentage of males consuming EDs daily or more than once daily was slightly higher than that of females, this difference was not statistically significant. A published study reported that the frequency of intake among both genders was affected by age \[[@CR38]\]; however, that research group examined only participants between 14 and 19 years old, whereas we studied consumption patterns in a much wider age range (15--63 years old). It is important to mention that previous studies in the KSA have reported that young adolescent males drink more EDs than females \[[@CR3], [@CR36], [@CR38]\]. After careful examination of the collected data, we found that the vast majority of consumers were 40 years old or younger (97%); they were rarely older than 40 years old. Consumption patterns were found to be altered by age as we found that younger study participants significantly consumed EDs more frequently than older drinkers; this pattern was consistent among all age groups, and this finding was similar to those of several previous studies \[[@CR38], [@CR39]\].

Educational level was found to determine the intake habits of EDs. We found that consumers who did not hold a high school diploma or were uneducated drank EDs more frequently than consumers with a high school diploma or above. However, almost 90% of study participants were equally distributed between high school graduates, undergraduate students or B.Sc. holders and above, and more than half of these EDs consumers drank EDs one to 3 three times per month. However, it is crucial to mention that the prevalence of EDs consumption in schools and colleges in the KSA and in many countries worldwide is very high, reaching nearly 50% and higher \[[@CR2], [@CR3], [@CR36], [@CR37], [@CR40]\]. According to Sandra D. Reid et al., the usage of EDs by university students is a primary concern, as these students are the ideal target of companies promoting EDs \[[@CR41]\]. Previous reports have shown that EDs usage is prevalent among undergraduate university students in the US and that 39--80% of these students used EDs at least once in the past \[[@CR42]\]. According to Kopacz et al., 49% of university students in Poland used EDs during the academic year, whereas ED consumption significantly increased during examination times \[[@CR43]\]. Hence, based on this information, it is crucial to create awareness campaigns about EDs for high school and university students.

Study participants attributed the popularity of EDs to intense advertisements in different media and their perceived invigorating effects. Other studies conducted in the KSA have reported similar results \[[@CR3], [@CR37]\]. EDs are promoted for their effects, including boosting energy, wakefulness, and alertness and improving physical and mental performance \[[@CR41]\]. We did not find a significant difference in the purported beneficial effects of EDs among different consumption groups. Consumers in the KSA drank EDs to attain vitality and energy, alertness, mood elevation, focus and memory and to help them on long-distance driving trips around the vast Kingdom. It has been documented that moderate intake of EDs enhances physical and cognitive functions. In fact, several studies have proven that the active ingredients in Red Bull®, caffeine and taurine, improve physical endurance and psychomotor performance \[[@CR10], [@CR44]\]. Study participants expressed different thoughts about suitable replacements for EDs, and they mostly stated that coffee, tea and natural herbs were their choice of beverage instead of EDs.

Importantly, we deduced from our data that lack of knowledge is associated with heavier EDs intake. Total scores of knowledge about possible adverse effects of EDs was significantly less in daily EDs consumers than in the least frequent consumer group. Specifically, significant differences between daily drinkers and 1--3 times monthly drinkers in knowledge about harmful effects on the cardiovascular system were found. Fewer daily consumers knew about the possible rise in BP and HR by EDs than those in the least frequent EDs consumer group. Furthermore, more daily drinkers recommended EDs to others. In fact, it was astonishing to discover that other studies in the KSA have indicated a lack of knowledge of even the active ingredients in EDs. Musaiger et al. found that 47% of males and 52.3% of females who consumed EDs in the KSA were not aware of ED ingredients \[[@CR3]\]. Aluqmany et al. reported that 69.3% of high school female students in Almadinah Almunawwarah, KSA, did not know about the ingredients in EDs \[[@CR37]\]. Another study conducted in the United Arab Emirates (UAE) reported that 95% of university students were not aware of the high caffeine levels in EDs \[[@CR45]\]. As the EDs market is expanding rapidly both regionally and globally, consumers should also take precautions and be familiar with the ingredients contained in EDs, such as vitamins; other EDs ingredients, such as niacin, exceed the recommended daily doses, which may lead to potential adverse effects and toxicity due to accumulation \[[@CR46]\]. Together with our findings, these observations are disturbing, and promoting knowledge about EDs content and their possible adverse effects would probably decrease their intake frequency and hence reduce the health hazards associated with excessive intake.

A significant achievement of the current study was providing further evidence of possible health risks and adverse events related to EDs intake at different consumption levels. We report several adverse effects experienced by the study participants, and their percentages. More importantly, total score analysis of experienced adverse effects, indicates a significant difference between the daily EDs consumer group versus the 1--3 times monthly consumer group as the daily users reported experiencing more adverse effects that they attributed to their intake of EDs. Ten of these adverse events, namely, chest pain, insomnia, headache, constipation, diuresis, chronic fatigue, muscle fatigue, lack of rest, tremors, confusion and nervousness were significantly experienced more frequently in daily consumers than in the lowest EDs consuming group. While some studies estimated the frequencies of experienced adverse events among EDs drinkers in the KSA \[[@CR2], [@CR47]\], our study is likely the first in the KSA to provide evidence of the increased occurrence of adverse effects concomitant with increased EDs intake.

We also aimed to determine the consumption pattern of EDs with cigarette smoking as a negative health behavior in this study. The cigarette smoking rate in the KSA is high, reaching up to 37.6% in males and 6% in females \[[@CR48]\]. Approximately 76.6% of the participants in our study reported being healthy despite the fact that significantly most EDs consumers in this study were cigarette smokers (58.6%), Moreover, we found that tobacco smoking determined consumption patterns as the majority of daily EDs consumers were smokers (77%) compared to 54% tobacco smoking among the 1--3 times monthly EDs consumers. Heavier EDs intake by tobacco smokers than non-smokers might be explained by the fact that tobacco smoking induces CYT P450 1A2, which enhances the metabolism of caffeine \[[@CR49]\], hence requiring higher caffeinated ED intake. These findings are consistent with the findings of other studies that aimed to determine EDs and associated factors worldwide \[[@CR40], [@CR50]\]. Another negative behavior that can be associated with EDs consumption is alcohol intake. However, alcohol drinking is prohibited by Islam and banned in the KSA; thus, it was not feasible to study this association even though some people might drink alcohol illegally. It is worth mentioning that compelling evidence has been established regarding the consequences of mixing alcohol and EDs in a single alcoholic beverage (alcohol mixed EDs -- AmEDs), which can lead to increased risks of adverse effects \[[@CR51], [@CR52]\]. It is important to mention that recent studies have shown that caffeinated EDs cause addiction and dependence \[[@CR5]\]. When caffeine containing EDs are taken in high amounts, they induce arousal by caffeine's effect on the pleasure area of brain, which is similar to the effects of tobacco, alcohol, and other drugs that should be treated with caution to avoid abuse \[[@CR53]\].

We believe our study has several points of strength, and potential limitations. To our knowledge, it is the first study that assessed the patterns of consumption as well as the adverse effects of energy drinks on different age groups of Saudi population. The study was a national one as the participants were from all over the KSA. The study questionnaire consisted of 43 items to address most of the research questions being investigated, with a very good response rate (96%). However, as the nature of the study was an observational one, it was not possible to assess causality relationship especially when assessing the adverse reaction. The majority of participants were males and only 19% were females. When reporting adverse events, the difference between groups may be, at least in part, associated with other health conditions rather than solely being related to EDs consumption.

Conclusions {#Sec16}
===========

In conclusion, EDs intake is associated with many deleterious health effects that are proportional to intake level. Lack of knowledge is associated with heavier EDs intake. Young adolescents and high school and university students were found to consume EDs more frequently and at an increased risk of health effects. It is imperative, based on our findings, that regulatory authorities, including the SFDA, enact stricter regulations to control EDs marketing in the KSA. The level of awareness of possible negative health effects due to excessive EDs consumption must rise by assistance of different governmental entities, specifically, ministry of health and ministry of education.
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**Additional file 1.** Study Questionnaire: The English version of the questionnaire that was used to obtain the data from study participants.

BP

:   Blood Pressure

ED

:   Energy Drink

FDA

:   U.S. Food and Drug Administration

HR

:   Heart Rate

KSA

:   Kingdom of Saudi Arabia

OTC

:   Over-the-counter

SAS

:   Statistical Analysis Software

SFDA

:   Saudi Food and Drug Authority

U.S

:   United State
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